Abstract
Introduction

11
The Tjörnes Fracture Zone (TFZ) is a 120 km-offset in the mid-Atlantic Ridge 12 that connects the onshore Northern Volcanic Zone (NVZ) to the offshore Kolbeinsey and thus the current interseismic strain accumulation rate. As the fault is linked to the 21 active rifting segments in the NVZ, we also need to study the deformation within the 22 NVZ to gain more insight into the rift-transform interaction and its influence on the 23 fault loading.
24
In our previous work, we used Global Positioning System (GPS) time-series span- in the NVZ by using 2D and 3D finite element models. They used a set of interfer-54 ograms covering the Askja and Krafla volcanic systems and found that the vertical 55 deformation seems to be confined within the recently active fissure swarms, whereas 56 horizontal deformation is distributed over a broader zone.
57
In this paper, we present the first InSAR time-series analysis of the region that links Atlantic Ridge, the TFZ became active (Saemundsson, 1979; Homberg et al., 2010) .
79
Within the TFZ, the two active lineaments are the HFF, a right-lateral strike-slip fault, 80 and the offshore GOR, which consists of a set of N-S trending normal and strike-slip 81 faults, aligning in a NW-SE direction (Fig. 1) A C C E P T E D M A N U S C R I P T volcanic signals at Theistareykir and Krafla (using the models described in section 6.2b 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 data points. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 W2-E2 in Fig. 4b ), we re-estimate the depth and total volume change but keep the re-
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ported Mogi locations fixed (Table 1 , Fig. 6b ). 
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The best-fit model parameters are estimated with a two-step optimization routine:
345
During the first step, the model space is initially scanned randomly with a simulated an- 
Comparing models with varying degrees of freedom and amount of input data
359
We tested different model setups with a varying number of parameter constraints.
360
The set of model results we refer to as A has the plate motion azimuth tightly con- 
398
In the model set B we fixed both the plate motion azimuth and rate using the result 399 of model A-1, which was constrained by GPS data alone ( slip rates calling for greater locking depths (Fig. 7) . The poorest parameter constraints 
Volcanic parameters
419
The volcanic model parameters are less sensitive to a change in the plate diver-420 gence rate than are the plate-boundary model parameters, but they are as sensitive with 421 regard to the input data type ( 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 plate divergence rate (Table 2) . Our plate motion model predicts subsidence along the 430 rifting segments (see Fig. 6d all predicted volcanic signals from the observed InSAR data (Fig. 6c) . These plate- 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 studies, the faults extend across the whole or most of the SAR image frame, whereas 484 only a fifth of the HFF is covered by SAR data, because most of the fault is offshore 485 (Fig. 1) . Therefore, we can only examine the eastern end of the transform fault.
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It is somewhat surprising that the best-fit locking depth and motion partition, using 487 the combined input data set A-3, are not between the results obtained from using the one third of the full transform motion, which is equivalent to a slip rate of 6-9 mm/yr,
528
and that it has a locking depth of 6-10 km. 22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 de Zeeuw-van Dalfsen, E., Pedersen, R., Hooper, A., Sigmundsson 
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A C C E P T E D M A N U S C R I P T 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63 64 65 Fig. 6b and d) . The locking depth parameters (L d , above L d segments are locked, below L d they can slip freely) are reduced to only two values, depending on the segment type. To fulfill half-space conditions, the N-S extension of the ridge segments 5. and 9. are more than ten times larger than the lateral extension of the TFZ. The map projection is UTM-28W, lengths are in kilometers and the strike in degrees and clockwise from North. See Fig. 1 and Fig. 6b 
ACCEPTED MANUSCRIPT
28
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A C C E P T E D M A N U S C R I P T 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 (Table 2) consisting of three Mogi sources T, K1 and K2 and a set of dislocations representing the plate boundary (dashed lines), see Table 1 for model parameters. c) Same as a), after removing predicted volcanic deformation and in comparison to the horizontal GPS velocities from 1997-2010 (Metzger et al., 2013). d) Predicted displacement rates of the interseismic deformation model B-3. The inset shows the geometry of all nine model segments (the numbers 1 to 9 refer to Table 2 ). e/f) The residuals of the average displacement, after removing b) from a), given in two different color scales, show unmodeled local deformation, e.g. at the lava flow north of Krafla (K) and at the geothermal fields of Krafla and Bjarnaflag (B).
ACCEPTED MANUSCRIPT
32
A C C E P T E D M A N U S C R I P T 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63 64 65 33
ACCEPTED MANUSCRIPT
